Introduction
Dystonia is a movement disorder characterized by involuntary, repetitive, sustained muscle contractions or postures. Dystonia is defined by its symptoms and caused by a variety of factors. Acute dystonic symptoms are often observed as side effects of dopaminereceptor blockers used as antipsychotics (neuroleptics) in clinical practice (Dressler and Benecke, 2005 ). Writer's cramp and musician's cramp, examples of focal dystonia, are caused by intensive training of the fingers (Hallett, 2006; Watson, 2006) . Dystonia can also arise from other disorders or injuries, such as brain trauma (O'Suilleabhain and Dewey, 2004) . These are classified as secondary dystonia. Dystonia that arises spontaneously without any obvious cause or associated disease is primary in nature, and often has a hereditary component. Although there are 16 classifications of genetic dystonia, only about half of them have identifiable gene mutations associated with them (Breakefield et al., 2008; Camargos et al., 2008; Fuchs et al., 2009 ). DYT1 primary generalized early-onset torsion dystonia is caused by mutations in DYT1 (TOR1A) that codes for torsinA.
Most patients have a 3 base pair (bp) deletion, DGAG, in DYT1 corresponding to a loss of a glutamic acid residue in the C-terminal region of torsinA (Ozelius et al., 1997) . In a rare case, an 18-bp deletion in DYT1 was also reported in a family (Leung et al., 2001; Doheny et al., 2002) . Recently, another transition mutation which causes an Arg288Gln exchange was found in a dystonia patient (Zirn et al., 2008) . Some biochemical and cellular studies suggest that the mutation in torsinA causes functional defects that contribute to the pathology of this disease (Hewett et al., 2000; Liu et al., 2003; Cao et al., 2005; Pham et al., 2006) . Recent genetic studies suggest that it is the partial loss of torsinA function that contributes to the pathology (Goodchild et al., 2005; Dang et al., 2006a; Yokoi et al., 2008) .
Depression and anxiety have been observed in a variety of movement disorder patients (Lauterbach et al., 2003 (Lauterbach et al., , 2004 Miller et al., 2007) . In Parkinson's disease, it was suggested that anxiety and depression may manifest as the first symptoms of Parkinson's disease many years before motor symptoms appear (Lemke et al., 2004) . Primary generalized dystonia has been believed to be a purely motor disease, without any associated psychiatric symptoms. However, an epidemiologic study suggested that DYT1 dystonia is caused by a trinucleotide deletion of GAG (DGAG) in DYT1, which codes for torsinA. A previous epidemiologic study suggested an association of DYT1 DGAG mutation with early-onset recurrent major depression. However, another study reported no significant association with depression, but instead showed an association with anxiety and dystonia. In this study, we analyzed these related behaviors in Dyt1 DGAG heterozygous knock-in mice. The knock-in mice showed a subtle anxiety-like behavior but did not show depression-like behaviors. The mutant mice also displayed normal sensorimotor gating function in a prepulse inhibition test. While normal hippocampus-dependent contextual fear memory and hippocampal CA1 long-term potentiation (LTP) were observed, the knock-in mice exhibited an enhancement in the formation of cued fear memories. Anatomical analysis indicated that the number of c-fos positive cells was significantly increased while the size of the central nucleus of the amygdala (CE) was significantly reduced in the knock-in mice. These results suggest that the Dyt1 DGAG mutation increased the activity of the CE and enhanced the acquisition of the cued fear memory.
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